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WHAT IS CLAIMED IS: 

1. A communications system , comprising; 

(a) a plurality of switch nodes, each switch node 
comprising a firs\ plurality of input ports, a second 
plurality of outpu^ ports, and means for selectively 
connecting said input ports to said output ports; and 

(b) means for connecting the switch nodes together in a 
multistage interconnect network, the means for connecting 
comprising forward channel\and back channel signal paths 
coupled to each of the input Vnd output ports in the switch 
nodes, wherein the back channelV signal paths have a narrower 
bandwidth relative to the forwara^ channel signal paths to 
simplify packaging ♦ * V^V\ 

2. The system of claim 1, furtnfer comprising: 

(c) multicast means, operative within the network, for 
transmitting forward channel messages fromv a source to one or 
more destinations; and \ 

(d) back channel merge means, within eafch switch node, 
for combining back channel replies received from the 
destinations into a single result, wherein they result is 
transmitted on the back channel to the source, \ 
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3. \The system of claim 1, wherein the means for 
connecting \omprises cabling means for wiring between switch 
nodes in different stages so that the forward channels and 
back channel siWnal paths are laid out in one or more copies 
of a universal wrring pattern. 

4. The systemVof claim 3, wherein the universal 
wiring pattern comprises a permutation of connections between 
switch node input andVmtput ports that swaps the least 
significant two base Jb Ndigits of a port's level number 
representation , where b is \he switch node size. 

5. The system of clain^_3V\wherein the means for wiring 
comprises means for wiring everAstage in a network of size 
N=x n , n>l, with x°" 2 copies of theVniversal wiring pattern/ 
wherein x is a total number of output\ports on a switch node. 

6. The system of claim 1, wherein the means for 
connecting comprises means for interconnecting the switch 
nodes together to simplify the cabling, wherein a pattern of 
interconnections between switch nodes in eack stage of the 
network is completely specified by permuting theV digits of a 
level number representing a port of a switch nctdeV 



7. \ The system of claim 6, wherein the means for 
interconnecting comprises means for connecting switch node 
output ports\ identified by (S : x n . x . • .x x x 0 ) to switch node 
input ports identified by (S+l : PERMUTE n s {x n .^ . .x^} ) , 
wherein S indicates a switch node in a specific stage, n 
refers to a total \number of stages in the network, and x is 
a level number of a\switch node port represented as 

( x n-i- • * x i x o)b i n a basAb corresponding to a size of the switch 
nodes, wherein 0 < x t <\b, 0 < i < n. 

8. The network of cJalSiN^, wherein PERMUTE U S {x n . x . . *x x x Q } 
is equivalent to PERMUTE^^Xo} = Xo x i for a network wherein 
n=2 . V 

9. The network of claim 7, ^herein PERMUTE n s {x n-1 , „ .x^} 
is equivalent to PERMUTE 3 0 {x 2 x 1 x 0 > =\x 2 x 0 x 1 and PERMUTE 3 1 {x 2 x 1 x 0 > 
= XjXqX 2 for a network wherein n=3. \ 

10. The network of claim 7, wherein\PERMUTE u s {x^, . .x^} 
is equivalent to PERMUTE 3 0 {x 2 x 1 x 0 } = x 2 x 0 x x \nd PERMUTE 3 x { x 2 x t x 0 } 
= x 0 x x x 2 for a network wherein n=3 . \ 
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iK The network of claim 7 , wherein PERMUTE n s {x a .i. - -x^} 
is equivalent to PERMUTE A 0 {x 3 x 2 x 1 x 0 } = x 3 x 2 x 0 x w 
PERMUTE A 1 {X3Sc 2 XiX 0 } = XjXoXaXj, and PERMUTE* 2 {x 3 x 2 x 1 x 0 > = x 3 x. 2 x. 0 K x 
for a network wherein n=4 . 

12. The rtetwork of claim 11, wherein PERMUTE*,, and 
PERMUTE* 2 leave the most significant two digits undisturbed, 
so that an interconnection length in stages 0 and 2 are 
minimized. \ 

13. The system V>f claim ,6, wherein the means for 
interconnecting comprisVs--ra§ans for connecting switch node 
output ports identifiers \rk (S-+1 : PERMUTE n s {x n _j. . .x^} ) to 
switch node input ports identified by (S : x^. . .XjX 0 ) , wherein 
S indicates a switch node in\a specific stage, n refers to a 
total number of stages in the rtetwork, and x is a level number 
of a switch node port represented as (x n _ x . . .x^,,),, in a base b 
corresponding to a size of the sw\tch nodes, wherein 

0 < Xi < b and 0 < i < n. \ 

14. The network of claim 13, wherein 

PERMUTE n s {x a _!. . .x^o) is equivalent to FERMUTE 2 0 {x 1 x < )} = x 0 X! 
for a network whjsrein n=2. \ .f 
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15. The network of claim 13, wherein 

PERMUTE n s {x n .\.x l x 0 } is equivalent to PERMUTE 3 0 {x 2 x 1 x 0 } = x^Xi 
and PERMUTE 3 1 { x 2 x\x<> } = x^Xj for a network wherein n=3. 

16. The network of claim 13, wherein 

PERMUTE% <x n .,. . .X!X 0 > \s equivalent to PERMUTE 3 0 {x 2 x l x 0 > = x^Xi 
and PERMUTE 3 1 {x 2 x 1 x 0 > - x^x^for a network wherein n=3. 

17. The network of c\aim 13, wherein 

PERMUTE n s {x n _!. . .XiX 0 } is (eqWw'alent to PERMUTE 4 0 {x 3 x 2 x 1 x 0 } = 
XaXzXoXj, PERMUTE* t { x 3 x 2 x 1 x 0 } = x^c 0 x 3 x 2 / and PERMUTE* 2 {x 3 x 2 x 1 x 0 > = 
XsX^qX! for a network wherein n=\. 

18. The network of claim lV wherein PERMUTE* 0 and 
PERMUTE A 2 leave the most significant Vwo digits undisturbed, 
so that an interconnection length in\ stages 0 and 2 are 
minimized . \ 
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19, TheV system of claim 1, wherein the means for 
connecting comprises means for arranging the switch nodes in 
more than [ log b ] stages, wherein b is a total number of 
switch node input/output ports, N is a total number of network 
I/O ports, and [ l°9b^[ ] indicates a ceiling function 
providing the smallest fi^t4ger not less than log b N , thereby 
providing additional communication paths between any network 
input port and network outputfyport to enhance fault tolerance 
and lessen contention. \ 

20. The system of claim 19 A wherein the switch nodes 
are arranged in 2 [ log b N ] stages. \ 



21. \ method of communicating among a plurality of 
switch nodesNconnected together, in a multistage interconnect 
network, each\witch node comprising a first plurality of 
input ports, a seNcond plurality of output ports, and means for 
selectively connecting said input ports to said output ports, 
the method comprising: 

(a) transmitting\messages between switch nodes using a 
forward channel coupledVo each of the input and output ports 
in the switch nodes ; and \ 

(b) transmitting between switch nodes using a back 
channel coupled to each of pte input and output ports in the 
switch nodes, wherein the\&aW\channels have a narrower 
bandwidth relative to the forward channels to simplify 
packaging. \ 

22. The method of claim 21, further comprising: 

(c) transmitting forward channel messages from a source 
to one or more destinations; and \ 

(d) combining back channel replies received from the 
destinations into a single result, wherein Vhe result is 
transmitted on the back channel to the source. \ 
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23. X v communication svstem having a plurality of ports 
for concurrently transferring messages between different ones 
of the ports, comprising: 

(a) a plurality of agents connected to the system, each 
including means Voviding interconnect request messages 
containing routing tWgs for communicating with other agents, 
means for transmitting variable length data messages, and 
means for transmitting Yesponse messages of different types 
having values in accordance with a predetermined protocol; and 

(b) network means fot intercoupling the agents, the 
network means comprising a Duality of switch nodes arranged 
in a multistage interconnW§\ network and each having a 
plurality of forward channel aid back channel signal paths 
with selectable interconnections Naetween different terminals 
of the switch nodes, the back channel signal paths having a 
narrower bandwidth relative to the\ forward channel signal 
paths, the switch nodes also includingVeans responsive to the 
routing tags in the messages for selecting signal paths 
between switch nodes in order to establish a complete path 
through the network, and the switch nodes Wher comprising 
means for reserving the complete path duringVhe transmission 
of variable length data messages, once request messages and 
response messages thereto have been success fullyWterchanged. 
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24\ A communications system, comprising: 

(a) \a plurality of switch nodes, each switch node 
comprising \a first plurality of input ports, a second 
plurality of\ output ports, and means for selectively 
connecting saidS, input ports to said output ports; and 

(b) means for interconnecting the switch nodes together 
in a multistage interconnect network to simplify the cabling 
therebetween, where iW a pattern of interconnections between 
different stages of swrtch nodes is specified by permuting the 
digits of a level numberVepresenting a port of a switch node* 

25. The system of /cXa±m 24, wherein the means for 
interconnecting comprisesStfeais for connecting switch node 
ports identified by (S : x n _\.x x x 0 ) to switch node ports 
identified by ( S+l : PERMUTE^ {x n _j . . . x x x 0 } ) , wherein S 
indicates a switch node in a specific stage, n refers to a 
total number of stages in the networlL and x is a level number 
of a switch node port represented as C^n-i- • - x i x o)b in a base b 
corresponding to a size of the switch nWes, wherein 

0 < x L < b and 0 < i < n. \ 

26. The network of claim 25, wherein \ 

PERMUTE n s {x n-1 . . lx x x Q } is equivalent to PERMUTEfotXiXo} = x 0 x x 
for a network wherein n=2 . \ 



27. Th\ network of claim 25, wherein 
PERMUTE n s {x B _ 1 .\.x I x 0 } is equivalent to PERMUTE 3 0 {x 2 x 1 x 0 > = x 2 ^i 
and PERMUTE 3 1 { x 2 xVc 0 } = x^Xj for a network wherein n=3. 



28. The network of claim 25, wherein 
PERMUTE n s {x n _i. . .XjXoJ-Xis equivalent to PERMUTE 3 0 {x 2 x 1 x 0 > = x^Xi 
and PERMUTE 3 x {x 2 x 1 x 0 > = V,*^ for a network wherein n=3. 



29. The network of yi^im 25, wherein 
PERMUTE n s {x u .f . .x x x 0 } is ^Mjtaivalent to PERMUTE 4 0 {x 3 x 2 x 1 x 0 > = 
XaXjXoXj, PERMUTE^^XaXjXjXo} ^x^x^, and PERMUTE^XaX^x,,} = 
for a network wherein h=4 . 



30. The network of claim \29, wherein PERMUTE^ and 
PERMUTE * 2 leave the most significant^ two digits undisturbed, 
so that an interconnection length i\ stages 0 and 2 are 
minimized. 



31. A communications apparatus, comprising: 

(a) a plurality of switch nodes , each switch node 
comprising a fi^st plurality of input ports , a second 
plurality of output ports , and means for selectively 
connecting said inputxjports to said output ports; and 

(b) means for connecting the switch nodes together in a 
multistage interconnect Network by connecting switch node 
ports identified by (5 :/^i...x 1 x 0 ) to switch node ports 
identified by (5+1 : PERHU^: D S {x n ^. . .x x x Q }) , wherein S 
indicates a switch node in a specific stage, n refers to a 
total number of stages in the network and hence its size, and 
x is a level number of a switch node^port represented as (x n _ 
!♦ • • x l x 0 ) h in a base b corresponding to &he size of the switch 
nodes, wherein 0 < x t < b, 0 < i < n and \ 

PERMUTE n s {x n _x. . .x^q} is equivalent to PERHIITE 2 0 {x 1 x 0 } = x 0 x x 
for a network wherein n=2 . \ 
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32. A communications apparatus, comprising: 

(a) a plurality of switch nodes, each switch node 
comprising a f\rst plurality of input ports, a second 
plurality of outtout ports, and means for selectively 
connecting said inpuV ports to said output ports; and 

(b) means for cormec^ing the switch nodes together in a 
multistage interconnect \etwork by connecting switch node 
ports identified by (S : )ini- • - x i x o) to switch node ports 
identified by (S+l : PEWSrE n s {x n _ x . . .x x x Q } ) , wherein S 
indicates a switch node in a specific stage, n refers to a 
total number of stages in the netwdrk and hence its size, and 
x is a level number of a switch node\ort represented as (x n _ 
l ...x i x 0 ) h in a base b corresponding to ra^e size of the switch 
nodes, wherein 0 < x t < b, 0 < i < n and \ 

PERMUTE n s <x n .i. . .x x x 0 } is equivalent to PERMUTk^^XxXo} = x z x 0 x x 
and PERMUTE 3 1 {x 2 x 1 x 0 > = x x x 0 x 2 for a network wherein n=3. 
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33* >A communications apparatus, comprising: 

(a) a ^plurality of switch nodes, each switch node 
comprising a ^tfirst plurality of input ports, a second 
plurality of output ports, and means for selectively 
connecting said input ports to said output ports; and 

(b) means for connecting the switch nodes together in a 
multistage interconnects network by connecting switch node 
ports identified by (S \^. x . . .x x x 0 ) to switch node ports 
identified by (S+l : ffEraAlTE n s {x n _j. ..x^} ) , wherein S 
indicates a switch node in a specif ic stage, n refers to a 
total number of stages in the network and hence its size, and 
x is a level number of a switch node^port represented as (x n _ 
x ...x x x 0 ) h in a base b corresponding to\he size of the switch 
nodes, wherein 0 < x t < b, 0 < i < n and FE^MUTE U S {x n _ x . * .x x x 0 } 
is equivalent to PERMUTE 3 0 {x 2 x 1 x 0 } = x 2 x 0 x A anV PERMUTE 3 ! {x 2 x A x 0 } 
= x 0 x a x 2 for a network wherein n=3 . \ 
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34. ANx>mmunications apparatus, comprising: 

(a) a plurality of switch nodes, each switch node 
comprising a fir^t plurality of input ports, a second 
plurality of output ports, and means for selectively 
connecting said input ports to said output ports; and 

(b) means for connecting the switch nodes together in a 
multistage interconnect network by connecting switch node 
ports identified by (S : x n , i \ 1 ^epc Q ) to switch node ports 
identified by (S+l : PERMUT^^Ax^. . .x x x 0 } ) , wherein S 
indicates a switch node in a specirac stage, n refers to a 
total number of stages in the network and hence its size, and 
x is a level number of a switch node pork represented as (x a _ 
x . . .x x x 0 ) h in a base b corresponding to the size of the switch 
nodes, wherein 0 < x L < b, 0 < i < n and PERMUta: n s {x n _ x . • .x x x Q } 
is equivalent to PERMUTE\>{x 3 x 2 x 1 Xo} = X3X 2 x^x i , \ 
PERMUTE^ {x 3 x 2 x 1 x 0 > = x 1 XoX 3 x 2 / and PERMUTE 4 ^ ^x^Xq} = X3X 2 x 0 x 1 for 
a network wherein n=4. \ 
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35* \A communications network, comprising: 

(a) a\ plurality of switch nodes arranged into a 
multistage interconnect network having a plurality of input 
and output por\s, each port being coupled to an agent to 
effect communication between agents through the network; 

(b) the network having a multiple of [ log b N ] stages 
of interconnected switch nodes, wherein b is a total number 
of switch node input /oiitput ports, N is the number of network 
I/O ports, and [ log b \N ] indicates a ceiling function 
providing the smallest integer not less than log b N, thereby 
providing additional paths beAreen any network input port and 
network output port to enhanqe fault tolerance and lessen 
contention; and * \ 

(c) the network having a loop^back point indicating where 
the stages of the network are physically folded together so 
that corresponding switch nodes in similarly numbered stages 
on either side of the loop-back point arfe located adjacent to 
each other, thereby simplifying packagWj and minimizing 
signal path lengths. \ 
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36. im apparatus for concurrently transferring messages 
between different ports, comprising: 

(a) multistage interconnect network means for 
interconnecting )a plurality of switch nodes for communication 
therebetween, eacn switch node comprising a first plurality 
of input ports, a second plurality of output ports, and means 
for selectively connecting said input ports to said output 
ports ; and \ 

(b) dynamic configuration means for determining how the 
switch nodes are interconnected and hence a topology of the 
multistage interconnect nexswjbrk means, so that messages can 
be routed correctly betweeft^Biae switch nodes . 

37. The apparatus of claim 36, wherein the dynamic 
configuration means further comprises: 

(1) means for communicating addresses between switch 
nodes, wherein one switch node communicates its location to 
another switch node connected thereto; Vnd 

(2) tag mapping table means, in eabh switch node, for 
storing routing information derived from tne addresses of the 
switch nodes, so that messages can be routed correctly between 
the switch nodes. \ 
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39. A network, comprising: 

(a) a plurality of switch nodes, each having a first 
plurality of input ]3orts, a second plurality of output ports, 
and path selector mean^ for selectively connecting the switch 
node input ports to theNswitch node output ports; 

(b) means for interconnecting the switch nodes in a 
relatively arbitrary manner to effect a multistage 
Interconnect network, the netw^xk^having a first plurality of 
input ports, a second plurality [oY/\output ports, and means for 
routing messages through the network by transmitting a message 
from one switch node to another switch node; and 

(c) means for determining how the ^Sswitch nodes have been 
interconnected and for constructing roumng tables for each 
switch node in response thereto, so that \the path selector 
means can connect an input port receiving \ message to an 
output port for transferring the message in orde^ to correctly 
transmit the message. 



\ 
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40. The >ietwork of claim 39, wherein the means for 
determining comprises : 

(1) topology determination means for communicating 
addresses between the s)^1fch nodes, so that a topology for 
the network can be deterMrife^d; and 

(2) message routing means r^r storing routing information 
derived from the addresses of fcije switch nodes, so that 
messages can be routed correctly through the network. 



AW 
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41. A communications apparatus, comprising: 

(a) network meahs for providing bidirectional data 
transmission between agents , the network means comprising 
switch nodes connected together in a multistage interconnect 
network, each switch node comprising a first plurality of 
input ports, a second plurality o^fJoutput ports, and means for 
selectively connecting said inptft ports to said output ports; 
and \ 

(b) tag mapping table means, in ^ach switch node, for 
storing routing information derived from \he addresses of the 
switch nodes, so that the data transmission can be routed 
correctly through the network means • \ 
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42. A metftod for communicating in a network comprising 
a plurality of swrtch nodes , each switch node having a first 
plurality of input pbrts, a second plurality of output ports, 
and path selector meank for selectively connecting the switch 
node input ports to theNswitch node output ports , the method 
comprising: \ 

(a) interconnecting thte switch nodes in a relatively 
arbitrary manner to effect a multistage interconnect network; 

(b) determining how theS\ switch nodes have been 
interconnected; \ 

(c) constructing routing tabled for each switch node 
according to how the switch nodes have\been interconnected; 
and \ 

(d) transferring messages through the Nietwork according 
to the routing tables , wherein each switch node that receives 
the messages uses a routing table to determineV which output 
port should receive the message. \ . 
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43. The method claim 42, wherein the determining step 
comprises : 

(1) communicating addr&^se^between the switch nodes., so 
that a topology for the netwofck$ an be determined; and 

(2) storing routing information derived from the 
addresses of the switch nodes, so thiH; messages can be routed 
correctly through the network. 
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44. A comnumications system, comprising: 

(a) network \neans for providing bidirectional data 
transmission between, agents connected thereto, the network 
means comprising switch nodes connected together in a 
multistage interconnect network, each switch node comprising 
a first plurality of input ports, a second plurality of output 
ports, and means for selectively connecting said input ports 
to said output ports; and \ 

(b) self-diagnosing means, integrated with the network/ 
for detecting and reporting anjc errors that occur within the 
network . V: 

45. The system of claim 44, wnerein the self-diagnosing 
means comprises diagnostic processor Wans for monitoring the 
state of the network means, for performing self-tests on the 
components of the network means, and Jfor initializing the 
network means. * \ 

46. The system of claim 45, whereinX the diagnostic 
processor means comprises means for configurings routing tables 
and input and output enable vectors for the network means so 
that fault conditions in the network means can ne bypassed. 



47. A communications system, comprising: 

(a) a multistage interconnect network comprising a 
plurality of interconnected active logic switch nodes; 

(b) diagnosticy means for detecting and reporting any 
errors that occur within the network, and for isolating the 
errors without propagating them, thereby improving 
diagnosability and serviceability; 

(c) reconfiguration means for reconfiguring the network 
when an error is detected, without interrupting communications 
in the system, so that any degradation in performance is 
minimized. / \| 

48. The system of claim 47, wherein the reconfiguration 
means further comprises means for reconfiguring routing tables 
and input and output . enable vectors inYthe network, so that 
all communications are routed around a faulty section of the 
network . \ 

49. The system of claim 47, wherein theVietwork further 
comprises redundant networks for providing addedvbandwidth and 
fault tolerance to the system. \ 

50. The syistem of claim 49, further compri^ingr control 
means for load leveling message transmission throvujh the 
redundant networks . . - \ 
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51 • The\ system of claim 49, further comprising control 
means for switching between the redundant networks when a 
failure occurs, \so that if one or more of the redundant 
networks is not available, the others can take over, thereby 
providing for graceful degradation in the presence of 
malfunctions • \ 

52. A method for communicating in a multistage 
interconnect network comprising a plurality of interconnected 
active logic switch nodes , ycKfev method comprising the steps of: 

(a) detecting and repormng any errors that occur within 
the network, and isolating rhe errors without propagating 
them, thereby improving serviceability; and 

(b) reconfiguring the network when an error is detected, 
without interrupting communication^ in the system, so that any 
degradation in performance in the \ reconfigured network is 
minimized. \ 

53. The method of claim 52 , wherein the reconfiguring 
step further comprises reconfiguring roueing tables and input 
and output enable vectors in the network, so that all 
communications are routed around a faultfy section of the 
network. ; \ 

54. The method of claim 52 , further comprising load 
leveling message transmission through redundant networks. 
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55. The mefci^od of claim 52, further comprising switching 
between redundant networks when a failure occurs, so that if 
one or more of the redundant networks is not available, the 
others can take overV-^\nereby providing for graceful 
degradation in the presence ol malfunctions . 
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56. A ^communications system , comprising: 

(a) a miltistage interconnect network comprising a 
plurality of interconnected active logic switch nodes; 

(b) each switch node comprising a first plurality of 
input ports, a sefcond plurality of output ports , and means 
for selectively connecting said input ports to said output 
ports ; \ 

(c) the multistage^ interconnect network comprising more 
than [ log b N ] stages 01L switch nodes , wherein b is a total 
number of switch node inpuWoutput ports , N is a total number 
of network input/output ports, and [ log b N ] indicates a 
ceiling function providing thevsmallest integer not less than 
log b N, the stages thereby providing a plurality of paths 
between any network input poi?t^and network output port to 
enhance fault tolerance and lessenVcontention; 

(d) diagnostic means for detecting and reporting any 
errors that occur within the network, thereby improving 
serviceability; and \ 

(e) reconfiguration means for reconfiguring the network, 
without interrupting the communications .m the system, when 
an error is detected, and for isolating \he error without 
propagating it, so that any degradation in performance in the 
reconfigured network is minimized. \ 
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57. ThX system of claim 56 , wherein the switch nodes 
further comprise tag mapping table means , associated with each 
input port of a switch node, for interpreting a routing tag 
to determine which\output port of the switch node to select 
in order to route correctly a connect request through the 
network . \ 

58. The system of clkim 57 , wherein the tag mapping 
table means comprises a memory array with a plurality of 
entries for translating the routing tag to an output port 
selection, wherein the array provides a one-to-one mapping 
between a logical port selection provided by the routing tag 
and a physical port selection. - V- ^ 

59. The system of claim 58, wjgjreln each entry in the 
array is derived from an appropriate f ield^of the routing tag 
according to a stage of the switch node within the network. 

60. The system of claim 56, wherein thev switch nodes 
further comprise input enable vectors for indicating which 
input ports of the switch node are operational. \ 

61. The system of claim 56, wherein the.^svitqh nodes 
further comprise output enable vectors for "indicating, which 
output ports of the switch node are operational. \ 
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62 • Tfte system of claim 59, wherein the tag mapping 
table means comprises a lookup table for mapping the routing 
tag to a physical output port based on the way in which the 
network is cabled. 

63. The system oY claim 59, wherein the tag mapping 
table means further composes means for initializing each 
entry in the tag mapping ^fcable means to be numerically 
equivalent to its address 6ffs4t, such that a physical port 
selection is equal to a iefgiral port selection, thereby 
providing default values that a\e appropriate for fully 
configured networks 

64. The system of claim 63/ wherein the tag mapping 
table means further comprises means for overlaying the default 
values when a configuring agent has determined an actual 
topology for the network. 
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65. A communications system, comprising: 

(a) a network comprising at least two input ports and 
two output porrte/ and capable of simultaneous communications 
between a different: pair of input and output ports; 

(b) message routing means , within the network, for 
accepting a connect \ request containing a routing tag 
identifying ari output pott destination for the message, and 
for steering the connec\ request to the output port 
destination; 

(c) back-off means, wrthd!\\the network, for cancelling 
the connect request when the c^rtput port destination is 
unavailable; and 

(d) retry means, triggered by £he back-off means, for 
delaying a retry of the connect requeVt, and for trying a 
different connect request between the \input port and a 
different output port destination, thereby reducing contention 
in the network. 
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66. ^he system of claim 65, wherein the network further 
comprises : 

(1) a plurality of switch nodes, each comprising a first 
plurality of input ports, a second plurality of output ports, 
and means for selectively connecting said input ports to said 
output ports; 

(2) tag mappingVtable means, associated with each input 
port of a switch node\ for interpreting the routing tag to 
determine which output &prt of the switch node to select in 
order to route correctly^ the connect request through the 
network. 

67, The system of claim/ 6^5 3 wherein the message routing 
means further comprises monoc&st flocking means for disabling 
the back-off means and for waiting until a desired path 
through the network becomes available. 



68. The system of claim 65, whereYn the message routing 
means further comprises monocast pipelining means for sending 
messages from sending agents to receiving agents without 
waiting for acknowledgments to connect requests from the 
receiving agents. 
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69\. A communications method for a network comprising at 
least two input ports and two output ports, and capable of 
simultaneous communications between a different pair of input 
and output portW, the method comprising the steps of: 

(a) accepting: a connect request containing a routing tag 
identifying an output port destination for the message, and 
steering the connect Yequest to the output port destination; 

(b) cancelling the\connect request when the output port 
destination is unavailable^; and 

(c) delaying a retry \>f the connect request, and for 
trying a different connect Vequest from the input port, 
thereby reducing contention ill Vhe network. 

70. The method of claim \69, further comprising 
interpreting the routing tag to determine which output port 
of the switch node to select in order 60 route correctly the 
connect request through the network. \ 

71. The method of claim 69, wherein th\ accepting step 
further comprises preventing cancellation of connect requests 
and waiting until a desired path through the network becomes 
available. \ 



72. The method ofN^laim 69, wherein the accepting step 
further comprises transmitOsKj jmes sages from sending agents 
to receiving agents without waging for acknowledgments to 
connect requests from the receiving Nagents 
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73. V A communications apparatus, comprising: 

(a) a\ multistage interconnect network comprising a 
plurality of interconnected active logic switch nodes; 

(b) each swatch node comprising a first plurality of 
input ports, a second plurality of output ports, and means 
for selectively connecting said input ports to said output 
ports; \ 

(c) the multistage interconnect network comprising more 
than [ log b N ] stages of switch nodes/ wherein b is a total 
number of switch node inpufc/otarmut ports, N is a total number 
of network input/output ports V and [ log b N ] indicates a 
ceiling function providing the smallest integer not less than 
log b N, thereby providing a pluraMty of paths between any 
network input port and network output port to enhance fault 
tolerance and lessen contention; and \ 

(d) load balancing means, in eack switch node, for 
distributing messages among the plurality oJ: output ports so 
that messages are evenly distributed throughout the network ♦ 
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74. \The apparatus of claim 73 , wherein the load 
balancing me^ns comprises: 

(1) means\within each switch node, for choosing a switch 
node output port Nsimilarly numbered as a requesting switch 
node input port whenVhe similarly numbered switch node output 
port is available; and\ 

(2) means, within eafehr^witch node, for choosing a next 
available switch node outnutNn&rt when the similarly numbered 
switch node output port is not \available . 

75. The apparatus of claim\74, wherein the load 
balancing means further comprises meank for selecting a second 
output port of a switch node having a ne^t higher port number 
than the input port of the switch nodexthat received the 
connect request when the first output port rfe unavailable. 
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76. AWstem for concurrently - transferring messages 
between different ports, comprising: 

(a) a plurality of switch nodes, each switch node 
comprising a fi*3t plurality of input ports, a second 
plurality of outp\t ports, and means for selectively 
connecting the input fcorts to the output ports; and 

(b) means for interconnect inq the switch nodes in a 
multistage interconnect network having a first plurality of 
network input ports and a second plurality of network output 
ports ; 

(c) partitioning means(j#A grouping the network ports 
into logically independent subse-^, wherein each subset is a 

supercluster; and 

(d) multicast means, operative "Within the network, for 
transmitting a message from a networks input port to one or 
more network output ports grouped in a Supercluster, wherein 
messages transmitted within any one superclWer are prevented 
from interfering with messages transmitted Vi thin any other 
supercluster, 
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77. Vrhe system of claim 76, wherein the partitioning 
means furthWr comprises: 

(1) meank for grouping network ports into a supercluster 
of size 2 m " p , whetein binary addresses for the grouped network 
ports are identical in p highest order bits thereof, thereby 
providing 2 P supercl\sters of size 2 n " p in the system, wherein 
m = [ log 2 N ] , N is \ total number of network input/output 
ports, and [ log 2 N ] indicates a ceiling function providing 
the smallest integer not ress than log 2 and 

(2) means for addressing each supercluster as 
{Ym-wYm-z/ • • • /Ym-p}/ wherein y t ©y(0,l} and m-1 < i < m-p. 

78. The system of claim \77Y \further comprising means 
for recursively subdividing supearc lusters into smaller 
super clusters, so that the system can\contain a plurality of 
superclusters of different sizes, wherexk each size is a power 
of two. \ 

79. The system of claim 77, further comprising means 
for allocating network ports to address blocks, that are a 
power of two when each supercluster size is not^a power of 
two and/or N is not a power of two. \ 
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80, Thfe system of claim 76, wherein the partitioning 
means further comprises: 

(1) means f ok generating a list of supercluster sizes; 
and \ 

(2) means for calculating a smallest power of two not 
less than each supercluster size; 

(3) means for adding ujkthe calculated powers of two to 
determine a size of a network \eeded; 

(4) means for calculating tftA smallest power of two not 
less than the size of the network; \ 

(5) means for dividing the network in half recursively 
as needed until there is a section which is the size of each 
power of two that was calculated for eachXsuperc luster; and 

(6) means for assigning the network^ ports in each 
supercluster to addresses in the corresponding \range . 
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81 A A method for concurrently transferring messages 
between different ports of a multistage interconnect network 
having a plurality of interconnected switch nodes, the method 
comprising thev steps of: 

(a) grouping the network ports into logically independent 
subsets, wherein each subset is a supercluster; and 

(b) transmitting a message from a network input port to 
one or more network output ports grouped in a supercluster, 
wherein messages transmitted within any one supercluster are 
prevented from interfering with messages transmitted within 
any other supercluster. \ 

82. The method of claim- 8lj\ wherein the grouping step 
further comprises: \ 

(1) grouping network ports intb a supercluster of size 
2 m " p , wherein binary addresses for thA grouped network ports 
are identical in p highest order brts thereof, thereby 
providing 2 P superclusters of size 2*~ p in Vhe system, wherein 
m = [ log 2 N ], N is a total number of netWork input /output 
ports, and [ log b N ] indicates a ceiling function providing 
the smallest integer not less than log b N; and\ 

(2) addressing each supercluster as {y 0 _iryt-2/ ♦ • • / Yo-p} / 
wherein y L G {0,1} and m-1 < i < m-p. ,f \ 
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83. yrhe method of claim 82, further comprising 
recursively^ subdividing superclusters into smaller 
superclustera, so that the network can contain a plurality of 
superclusters of different sizes, wherein each size is a power 
of two. \ 

84. The metWod of claim 82, further comprising 
allocating network poorts to address blocks that are a power 
of two when N is not a\power of two. 

85. The method of c\aim 81, wherein the grouping step 
further comprises: \ 

(1) generating a list ^fWiperc luster sizes; and 

(2) calculating a sma^§£& power of two not less than 
each supercluster size; \ 

(3) adding up the calculated powers of two to determine 
a size of a network needed; \ 

(4) calculating the smallest poweV of two not less than 
the size of the network; \ 

(5) dividing the network in half recursively as needed 
until there is a section which is the sizeNof each power of 
two that was calculated for each supercluster^ and 

(6) assigning the network ports in each sufpercluster to 
addresses in the corresponding range. . " \ 
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86\ A system for concurrently transferring messages 
between different ports, comprising: 

(a) a\ plurality of switch nodes, each switch node 
comprising A first plurality of input ports, a second 
plurality of V^utput ports, and means for selectively 
connecting said \nput ports to said output ports; and 

(b) means foA connecting the switch nodes together in a 
multistage interconnect network, the means for connecting 
comprising forward cnknnel and back channel signal paths; and 

(c) multicast meaks, operative within the network, for 
transmitting forward chakn^i messages from a source to one or 
more destinations; and ( \A 

(d) back channel merg^heans, within each switch node, 
for combining back channel^ replies received from the 
destinations into a single reteult, wherein the result is 
transmitted on the back channel «o the source* 

87. The system of claim 86, wherein the multicast means 
comprises means for steering a multicast request for a 
supercluster to a bounce back point within the network means, 
wherein all multicast requests to the supercluster use the 
same bounce back point . \ 
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88. Thev system of claim 87, wherein the means for 
steering comprises means for steering a multicast request from 
one supercluster tfct a destination supercluster through a 
bounce back point for\he destination supercluster. 

89. The system of claxnt 86, wherein the multicast means 
comprises means for permitting^only one multicast message at 
a time within a supercluster, thereby preventing deadlock 
between competing multicast requests^ 
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90. V method for concurrently transferring messages 
between different ports of multistage interconnect network , 
the network ^comprising a plurality of switch nodes, each 
switch node conmrising a first plurality of input ports , a 
second plurality V>f output ports, and means for selectively 
connecting said inmit ports to said output ports, the switch 
nodes connected together via forward channel and back channel 
signal paths connecteayto every input and output port, the 
method comprising the strips of: 

(a) transmitting forward channel messages from a source 
to one or more destinations ;\^uid " 

(b) combining back chanrt^eT^teplies received from the 
destinations into a single (resUL wherein the result is 
transmitted on the back channel to\\he source . 

"91. The method of claim 90, whbrein the transmitting 
step comprises steering a multicast request for a supercluster 
to a bounce back point within the network\means , wherein all 
multicast requests to the supercluster use, the same bounce 
back point. \ 

92. The method of claim 91, wherein the sVeering step 
comprises steerihg a multicast request from one^supercluster 
to a destination supercluster through a bofirice back Voint for 
the destination supercluster. \ 
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93, The meb^od of claim 90, wherein the transmitting 
step comprises permit/fcsuid only one multicast message at a time 
within a supercluster, thereby preventing deadlock between 
competing multicast requests 
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94. \ A system for concurrently transferring messages, 
comprising 

(a) a \ multistage interconnect network comprising a 
plurality of interconnected active logic switch nodes; 

(b) each switch node comprising a first plurality of 
input ports, a second plurality of output ports, and means 
for selectively connecting said input ports to said output 
ports ; \ 

(c) the multistag^ interconnect network comprising more 
than [ log b N ] stages 01L switch nodes, wherein b is a total 
number of switch node inpufyoutput ports, N is a total number 
of network input/output ports X and ( log b N ] indicates a 
ceiling function providing tha^ihallest integer not less than 
logb the multistage interconnect network providing a 
plurality of paths between any network input port and network 
output port to enhance fault tolerance and lessen contention; 
and \ 

(d) multicast steering means, with\n each switch node, 
for routing multicast requests to a specific input port of a 
specific switch node within the network, so that only one 
multicast request can occur at a time, thereby preventing 
deadlock between competing multicast requests. \ 
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95. $Jie system of claim 94, further comprising: 

(1) means for storing a reply from each network output 
port in the bafck channel; and 

(2) means fbr collecting replies from the network output 
ports and for applying the replies to merge means for 
synchronously combining all of the replies , wherein the 
replies are sorted as^hey propagate through the merge means , 
so that only the rep\y having the highest priority is 
transmitted through the s] 

96. The system of clai& 95, wherein the merge means 
comprises low sort means for outputting a reply with a lowest 
key followed by an accompanying da\a word. 



97. The system of claim 95, wherein the merge means 
further comprises add means for summing i^ata words of all 
replies in a bit serial manner so that the result has the same 
number of bits as the operands. 
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98. \n apparatus for concurrently transferring messages 
between different ports , comprising: 

(a) a multistage interconnect network comprising a 
plurality of interconnected active logic switch nodes; 

(b) each switch node comprising a first plurality of 
input ports, a secofod plurality of output ports, and means 
for selectively connecting said input ports to said output 
ports , \ 

(c) the multistage interconnect network comprising more 
than [ log b N ] stages of switdui nodes, wherein b is a total 
number of switch node input /ouro^t* ports , N is a total number 
of network input ports and network output ports, and 

[ log b N ] indicates a ceiling funct^n providing the smallest 
integer not less than log b N, the Wltistage interconnect 
network providing a plurality of pathsv between any network 
input port and network output port to enhance fault tolerance 
and lessen contention; and \ 

(d) deadlock avoidance means, within eacJa switch node, 
for allowing only one routing multicast request at a time, 
thereby preventing deadlock between requests. \ 
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99. The syst?em of claim 98, wherein the deadlock 
avoidance means furtn^aTNjomprises means for allowing only one 
multicast request wiJtKife a supercluster at a time and for 
allowing a plurality of mta^ticast requests within different 
superclusters to occur at th^vsame time. 



III 
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100. A communications system, comprising: 

(a) a plurality of switch nodes arranged into a 
multistage interconnect network having a plurality of input 
and output ports, each port being coupled to an agent to 
effect communication between agents through the network; 

(b) the network having more than [ log b N ] stages of 
interconnected switch noofes, wherein b is a total number of 
switch node input /output ports, N is the number of network 
input/output ports, and [ Vog b N ] indicates a ceiling 
function providing the smallest integer not less than log b N ; 
and \ ' 

(c) the network having a plurality of turnaround points 
at the highest stage of switch nodksv the turnaround points 
logically differentiating betweeii^^n.tch nodes that load 
balance messages through the network ibrom switch nodes that 
direct messages to receiving agents; \ 

(d) means for depopulating switch nod^s from the highest 
stage to reduce the number of turnaround, points in the 
network, as long as at least one path exists, between every 
network input port and every network output port; and 

(e) the input and output ports of the switch nodes in 
stages adjacent the highest stage sensing when tihe switch 
nodes in the highest stage are removed and disabldthg %he input 
and output ports in response thereto, thereby lowering the 
bandwidth of the network and lowering the cost of the network 
without a loss of * functionality • ^ 
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101. A communications apparatus, comprising: 
(a) multib^age interconnect network means for 
urality of switch nodes for communication 



tion means for determining how the 
ted by the multistage interconnect 



interconnecting a p 
therebetween ; 

(b) dynamic confi 
switch nodes are intercdrfne 
network means; and 

(c) means for remapping connections between the switch 
nodes so that all connections in \ backplane connecting the 
switch nodes are horizontal. 
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102. A network, comprising: 

(a) a plurality of switch nodes , each switch node . 
comprising a f irst \plurality of input ports, a second 
plurality of output \ports, and means for selectively 
connecting said input porffs tio said output ports; 

(b) ' backplane means vfor^ interconnecting the input and 
output ports of different switcrknodes to effect a multistage 
interconnect network; and \ 

(c) tag mapping table means for remapping the 
interconnections between the switch\ nodes so that all 
connections in the backplane means are horizontal only. 
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103. \k communications systems, comprising: 

(a) a Yetwork comprising a plurality of interconnected 
switch nodes ;V and 

(b) identification means for communicating a unique 
identifier to eaceh agent attached to the network, so that an 
agent can be connected to any available port of the network 
and determine its\ address therein, thereby simplifying 
installation. . \ 

104. The system of Vlaim 103, wherein the identification 
means comprises means fo^: determining the agent's address 
within the network means us^ngr^leve 1 number associated with 
the port to which it is coimOTtdB. 

105. The system of claim \p4, wherein the means for 
determining comprises means for transmitting a command to the 
network means , wherein a switch node \hat receives the command 
replies thereto with a port address. \ 

106. The system of claim 104, wherein the means for 
determining comprises response means, witM.n a switch node 
connected to the input port, for appending k port number of 
the switch nodei to the level number of the Witch node to 
create the agent address in the network means. \ 
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107S. A communications system, comprising: 

(a) network means for providing bidirectional data 
transmission \etween a plurality of agents connected thereto, 
the network meaks comprising switch nodes connected together 
in a multistage\ interconnect network, each switch node 
comprising a firstt* plurality of input ports, a second 
plurality of outputs ports, and means for selectively 
connecting said input ports to said output ports; and 

(b) means for arranging components within the network 
means and interconnectionsMDeitween switch nodes, so that the 
number of agents can be ixydsjeased with only a substantially 
linear increase in the size ok the network means. 

108* The system of claim M)7, wherein the network is 
folded and the switch nodes are paired so that corresponding 
switch nodes in a specific stage are. physically adjacent to 
one another on a board. \ 

109. The system of claim 107, furthW comprising means 
for maintaining physical interconnections between switch nodes 
at a minimal length. \\ 



110s- The system of claim 107, wherein the means for 
arranging ^comprises : 

(1) firtet means for constructing the network means using 
only a first btaard type when the network means contains 8 or 
fewer network I/O ports; 

(2) second meVns for constructing the network means using 
only a first boardytype and a second board type when the 
network means containss between 9 and 64 network I/O ports; 

(3) third meansl foVconstructing the network means using 
only a first board type A a second board type, and a third 
board type when the network ineans contains between 65 and 512 
network I/O ports; and \ 

(4) fourth means for constructing the network means using 
only a first board type, a seconck board type, and a fourth 
board type when the network means (contains between 513 and 
4096 network I/O ports* \ 



111. V communications system, comprising: 

(a) network means, coupled to the agents, for providing 
bidirectionalxiata transmission between a plurality of agents 
connected therera), the network means comprising switch nodes 
connected togetheis in a multistage interconnect network, each 
switch node comprising a first plurality of input ports, a 
second plurality of Output ports, and means for selectively 
connecting said input \orts to said output ports; and 

(b) cabling means thno wiring between different stages in 
the network means with ohe or more copies of a universal 
wiring pattern. \ 

112. The system of claim uA, wherein the universal 
wiring pattern comprises a permutation of switch node ports 
that swaps the least significant twfc base b digits of a level 
number representation, where b is A total number of switch 
node input or output ports. \ 

113. The system of claim 111, wheWin the means for 
wiring comprises means for wiring every stage in a network 
means of size N=x n , n>l, with x 11 ' 2 copies df the universal 
wiring pattern, wherein x is a number of outjout ports on a 
switch node. 1 -V 
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114 • j A\communications system, comprising: 

(a) network means for providing bidirectional data 
transmission beuween a plurality of agents connected thereto, 
the network meansNcomprising switch nodes connected together 
in a multistage rfaterconnect network, each switch node 
comprising a first ^plurality of input ports, a second 
plurality of output j^prts, and means for selectively 
connecting said input pornfft^o said output ports; 

(b) master clock m^aiWl for supplying a master clock 
signal to the switch nodes throughout the network means; and 

(c) controller means, coupled between the network means 
and the agents, for communicating, messages between the agent 
and the network means, the controller means comprising clock 
extraction means for deriving thte master clock signal 
transmitted throughout the network means, wherein the master 
clock signal increments a counter in the, controller means to 
provide a synchronous date and time of dajc to each agent . 
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115. AVsystem for communicating in a variety of modes 
between one on more transmitting agents and one or more 
receiving agents Apompr is ing: 

(a) a multistage interconnect network intercoupling all 
the agents with transmit and receive lines, the network 
comprising a plurality \f switch nodes arranged in parallel 
groupings in a plurality of stages within the network; 

(b) the transmitting^ agents including means for 
transmitting message routing/Wo&ets containing destination 
data designating one or more\z^fce\iving agents and means for 
transmitting variable length dataXmes sages; and 

(c) wherein the switch nod^s each comprise means 
responsive to the message routing packtets for selecting node- 
to-node paths to one or more receiving^ agents , wherein the 
switch nodes also comprise means for acknowledging receipt of 
a message routing packet and means for preserving the circuit 
connection for subsequent transmission of a Variable length 
message . \ 



\ 164 
116. a\ active logic network , comprising: 

(a) a plurality of switch nodes, each having a plurality 
of "left-hand" ports and a plurality of "right-hand" ports, 
wherein within the\switch node, any left hand port can be 
connected to any righVhand port, and any right hand port can 
be connected to any lef t\harfM port; 

(b) means, within e/afeh A switch node, for accepting a 
routing tag at an input pore identifying a destination in the 
network; and \ 

(c) routing determination meansv within each switch node, 
for translating the routing tag into ah output port selection 
of the switch node, thereby identifying a path to the 
destination. \ 
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117. THe network of claim 116, wherein the switch node 
further comprises: 

(1) means\for accepting a connect request designating 
a desired destination to which a connection is requested; 

(2) selector \means, connected to the means for 
accepting, for selecting an output port of the switch node 
according to the desireti destination; and 

(3) arbiter means , Connected to the port selector means 
and associated with each output port, for transmitting the 
connect request to the selected output port, the arbiter means 
choosing between contending ccmn^ct requests when more than 
one port selector means is t/ryino to access the selected 
output port at the same time, wherein the connect request is 
transmitted to the selected output\ port when it has been 
granted priority over the contending connect requests . 

118. The network of claim 117, whereih the selector means 
further comprises means for selecting an output port based on 
a table lookup. \ 

119. The network of claim 117, wherein the selector means 
further comprises means for evenly distributing connect 
requests between a plurality of arbiter means. ,f \ 
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120. Tne network of claim 117/ wherein the arbiter means 
further comprises: 

(1) means fear servicing contending point-to-point connect 
requests on a "roikid robin" basis; and 

(2) means for ^providing priority to multicast connect 
requests over point-tovpoint connect requests. 

121. The network of(cM5Lm 116, wherein the switch nodes 
further comprises: \^ 

(1) means for transmitting, messages through a forward 
channel; and \ 

(2) means for receiving responses through a back channel, 
wherein the back channel has -a narrower bandwidth than the 
forward channel. \ 
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122, The n^york of claim 121, wherein the switch nodes 
further comprise: 

(3) means for collating responses in the back channel; 

(4) means for synchronously combining the collected 
responses so that the collected responses are sorted as they 
propagate through the switch nodes, wherein only a response 
having a highest priority is transmitted through the back 
channel . 
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123. communications system, comprising: 

(a) network means, coupled to the agents, for providing 
bidirectional data transmission between network ports, the 
network means comprising switch nodes connected together in 
a multistage interconnect network; and 

(b) arbiter means, in each switch node, for choosing 
between contending cormect requests accepted concurrently from 
a plurality of switch Viode ports, wherein the contending 
connect requests are allVrying to access a selected output 
port at the same time, \so that a connect request is 
transmitted to the selectedV output port when it has been 
granted priority over the contanclsmg connect requests, 

124, The system of claim 123\ wherein the arbiter means 
further comprises means for evenly distributing requests # 
between a plurality of arbiter means A 

125. The system of claim 124, where\n the arbiter means 
further comprises: \ 

(1) means for providing a "round robin'\ priority to the 
contending point-to-point connect requests; and 

(2) means for providing priority to multicast connect 
requests over pcJint-to-point connect requests . .-""a 
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126. A^ystem for transmitting messages between agents 
in (1) an arbitrary interconnection mode or (2) a multicast 
mode, comprising \ 

(a) a multistage interconnect network comprising a 
plurality of multiplte terminal bidirectional switch nodes 
arrayed in a plurality of stages} 

(b) the agents eacfk including means for generating 
addressing messages contki^y^k destination data, including 
alternative descriptors for individual and multicast group 
designations, and each being coupled to the switch nodes; and 

(c) wherein the switch nodes\ further include means 
responsive to the descriptors in the addressing messages for 
selecting routing paths through the Vetwork and means 
responsive to path selection for establishing^ path commitments 
linking agents for communication of variable length messages . 
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127, A network for communicating between agents connected 
thereto , comprrs ing : 

(a) packetX switching means for establishing a 
communication path \between sending and receiving agents in 
response to a connectV request ; 

(b) circuit switching means for transferring messages of 
arbitrary length between x>he sending and receiving processors 
once the communication path\{ms been established; 

(c) pipelining means f or^transferring messages between 
sending agents and the receiving^ agents without waiting for 
the communication path to be established; and 

(d) back-off means for cancelling the connect request 
when the communication path- to thev receiving agent is 
unavailable; and \ 

(e) retry means, triggered by the back-off means, for 
delaying a retry of the connect request, and for trying a 
different connect request from the sending anient, thereby 
reducing contention in the network. \ 
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128* The network of claim 127, wherein the packet 
switching means further comprises means for transferring a 
connect command between Iswitch nodes in the communication 
path. 




129. The network oj^-*fladm 128, wherein links between 
switch nodes comprising the communication path are reserved 
until released by the sending andVreceiving agents. 
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130. A communications apparatus, comprising: 

(a) a plurality of switch nodes arranged and 
interconnected ink) a multistage interconnect network; and 

(b) error testing means for generating test patterns 
during data transmission through the network, the error 
testing means comprising means, within each switch node, for 
inverting parity on the aata transmission so that a receiving 
switch node reports an errbr. 

131. The apparatus of Vlaim 130, wherein the error 
testing means further comprises, means for forwarding a test 
command to the receiving switch node and means for inverting 
parity on data which follows the Pesjb command. 

132. The apparatus of claim ^30, wherein the error 
testing means further comprises means Yfor forwarding a test 
reply to the receiving switch node withVts parity inverted. 

133. The apparatus of claim 130, wiierein the error 
testing means further comprises means for jbiverting parity 
continuously on the data transmission to the receiving switch 
node . \ 
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134. \ A switch node providing for the simultaneous 
interconnection of multiple messages , comprising; 

(a) means Refining a plurality of input and output ports; 

(b) means for selectively connecting any input port to 
(1) any one output \port, (2) a predetermined number of the 
output ports, or (3) Vll of the output ports; and 

(c) error testing Wans for generating test patterns to 
test data transmission o\ the input and output ports, the 
error testing means comprising means for inverting parity on 
the data transmission so that a^^itch node receiving the data 
transmission reports an error. V 

135. The switch node of claims 134, wherein the error 
testing means further comprises means\for forwarding a test 
command to the receiving switch node anov means for inverting 
parity on data which follows the test command. 

136. The switch node of claim 134, wherein the error 
testing means further comprises means for forwarding a test 
reply to the receiving switch node with its parity Vnverted. 
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137. The s^tch node of claim 134, wherein the error 
testing means furthei^om^rises means for inverting parity 
continuously on the dat^a>i:i i ^nsmission to the receiving switch 
node. 



m 
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138\ A switch node for use in a network having a 
plurality of similar nodes interconnected by cabling, for 
simultaneous interconnection of multiple messages of different 
types, including message routing packets, comprising: 

(a) means defining a plurality of input and output 
terminals; \ 

(b) means for sroring reconf igurable mapping data which 
identifies available interconnection paths using the input 
and output terminals; ana 

(c) means, coupled \o the means for storing, for 
arbitrarily interconnecting ahy input with (1) any one output, 
( 2 ) a predetermined number ors, the outputs or ( 3 ) all the 
outputs . . / 

139* A switch node as set fotth in claim 138 above, 
wherein means for storing reconf igurabl^ mapping data further 
comprises means for storing input and output enable vectors 
indicating which terminals are operation. \ 

140. A switch node as set forth in cJSaim 138 above, 
wherein the switch nodes each include forward channel and back 
channel signal paths coupled to each of the inpuuv and output 
ports in each o£ the switch nodes, wherein the 'back channel 
signal paths have a narrower bandwidth relative to theVforward 
channel signal paths to simplify packaging. \ 



141. A\switch node as set forth in claim 140 above/ 
further comprising means for combining signals on the 
different back channel signal paths within the switch node, 

142 ♦ A switch ndde as set forth in claim 140 above, 
further comprising means Xpr synchronously combining replies 
from the back channels so ! \hat replies are sorted as they 
propagate through the switc^V iibde , wherein only the reply 
having a highest priority ik_jfe$ansmitted to the next switch 
node on the back channel. 



143- A switch node as set for\h in claim 138 above, 
wherein the means interconnecting the^ inputs and outputs 
include means for arbitrating between\ competing message 
routing packets to determine priority ih accordance with 
predetermined rules. 



144. A' Switch node as set forth in claim 143 above, 
wherein the nieans W arbitrating affords priority to messages 
whose routing packers indicate more than one receiving 
destination. 

145. A switch node set forth in claim 138 above, 
wherein said switch node includes means for leveling the load 
of messages through the switch node, 

146. A switch node as set fo£th in claim 138 above, 
wherein the switch node includes means for returning a signal 
back to an input as to the unavailability of an 
interconnection . 

147. A switch node as set forth in cla^m 138 above, 
wherein the switch node includes means for rerouting a message 
between different input and output terminals when a g[iven path 
is unavailable. 
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148, A computer system, comprising: 

(a) a plurality of processors comprising (1) application 
processors (AP)\for connecting external devices to the system, 
and (2) access module processors (AMP) for managing access to 
a relational database; and 

(b) network means, coupled to the processors, for 
providing bidirectional data transmission between the 
processors, the network means comprising switch nodes 
connected together in a multistage interconnect network, each 
switch node comprising a frrst plurality of input ports, a 
second plurality of output ports, and means for selectively 
connecting said input ports to said output ports, the network 
having more than [ log b N ] sta$tes/of interconnected switch 
nodes, wherein b is a total numbWofl switch node input/output 
ports, N is the number of network intout /output ports, and 

[ log b N ] indicates a ceiling functiorAproviding the smallest 
integer not less than log b W. \ 

149. The computer system of claim 14^8, wherein the AP 
further comprises one or more microprocessors, including 
memory and at least two connections to th^ network, for 
executing an independent copy of the operating system and 
maintaining an independent address space . '\ 



179 

150. The cbqiputer system of claim 149, wherein the AP 
further comprises\ a plurality of tightly-coupled 
microprocessors sharin&a single copy of the operating system 
and sharing a common address space, 

151. The computer syst&n of claim 148, where the AMP 
further comprises one or more microprocessors having disk I/O 
capabilities and at least two connections to the network, and 
executing an independent copy of the operating system that is 
specifically designed for executing jdat^base software. 

152. The computer system of claim\151, wherein the AMP 
further comprises a plurality o£ tightly-coupled 
microprocessors sharing a single copy of the^ operating system 
and sharing a common address space. 



153. The computer system of claim 148, where the system 
further comprises means for allocating a portion of the 
relational database to each AMP. 
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